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Protection of busbar based on reed switches

Abstract. A phase comparison scheme of protection of busbar on the reed switches fixed connections near conductors extending from these
busbars which does not require current transformers has been studied. The article provides an analysis of its sensitivity and behavior in different

modes

Streszczenie. Poréwnano metody zabezpieczenn przewoddéw szynowych przetgcznikéw kontaktronowych. Uwzgledniono przypadki gdy nie jest
stosowany przektadnik pradowy. (Zabezpieczenia szynowych przetacznikéw kontaktronowych)
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Introduction

It is known that damages on busbars have serious
consequences. Most dangerous of them are short circuits
through an arc (both — uniphase and interphase), especially
in cells of switchgears (distributing devices) [1, 2, 3]. There
is rather large number of methods and the devices
revealing uniphase short circuits on earth, for example [4].
There is much less sensing protections that reveal two-
phase short-circuits. It is possible to include to them logical
[5] and differential [6] protections of busbars. And all of
them receive information from current transformers which
have a number of well-known shortcomings [7, 8]. In this
regard works in the direction of creation of the protection
which are not using current transformers, for example [9,
10] are already conducted. As it was noted at the last
international CIGRE conferences [8, 11] because of an
incompleteness of these works they are actual and now.
Offered protection of busbar (Fig. 1) is one of results of
continuation of works in the direction of creation of
protection on magnetooperated contacts — reed switches
which have explicitly explained in [8, 12, 13, 14] advantages
over other magnetooperated elements.

Model of protection

In the flowchart (Fig. 1) Protection 1 - polarized with a
reed contact (C) 2 and 3 are installed in a magnetic field of
different phase conductors of similar connections are
connected to the busbars 15 so that one of the current half-
waves, e.g. positive, closed C 2, and the other - to 3.
Contacts 2 are connected to the inputs of the OR gate 4
and the NOR 5 and C 3 - to the inputs of OR element 6 and
a NOR 7, the outputs of elements 4 and 7 are connected to
AND gate 8, the outputs of elements 5 and 6 - and to 9, the
outputs of the elements 8 and 9 - to the executive body of
the 10 applicable at the circuit breakers 11-14 connections.

Operation principle

The apparatus operates as follows. In the load mode,
and an external short circuit current polarity, at least one of
the connections in any half-cycle does not match the
polarity of the remaining currents. When the reed switch is
closed to 2 this connection, 3 reed switches are closed to
other bays, and when the second current half-closed C 3,
on the other accessions are closed to 2. As a result, any
time the reed switch is closed and the reed switch C 2 C 3
closed. Therefore, the outputs of the elements 5 and 7 and
there is no signal as a result, no signals at the outputs of
the elements 8 and 9. Executive body of the 10 does not
work. If a short circuit on the tire 15 in a single half-closed
only to 2 on all connections (connections of all the currents
are in phase), the other - to 3. With the closure of C 2 and
the lack of contact closure outputs for 3 items 4 and 7, there

are signals that the body 10 is triggered. When the closure
to the insulation 3 and C 2 signals appear at the outputs of
the elements 5 and 6. Thus, whatever the current half cycle
is not a short circuit, the device comes into effect at that
moment. Due to the high speed, it may qualify for use as a
busbar 500 and 750 kV.

Provision of reed switches operation polarity

Polarized reed switches in the circuit can be used only if
N < 3, where N is the multiplicity of the short-circuit current
with respect to the tire, where the reed switch is activated.
The fact is that when N > 3 demagnetized permanent
magnet, which is an integral part of the reed switch.
Therefore, if N > 3 should go on complication - one reed
used instead of two with normally open contacts 16 and 17
with two windings 18 and 19, but instead of C 2 and 3 - to
20 and reed switches 16 and 21, 17 respectively. In this
case, the winding 18 is a source of EMF, and 19 to
compensate for the actions of one of the half-wave voltage.
Output windings 19 are connected to the inputs of amplifier
22, amplifier outputs - to the input phase comparison circuit
23 outputs circuits 23 - via a diode 24 to the control winding
19. The polarity switching reed contact [12] is provided as
follows. The magnetic flux ®pys (Fig. 3a), created by
alternating current l,,s in bus, for example, phase A
connection 12, is the EMF E=-d®y,s/dt output winding 18,
which is fed to an amplifier 22. Image EMF must be such
that the magnetic flux ®,, created by current I, in the
winding 19 is equal to the amplitude of ®p,. EMF in the
circuit 23 is shifted in phase by 90 degrees so that the
winding 19 |l coincided in phase with the current lpus. The
polarity of the winding connections 19 to the output circuit
23 should be such that the magnetic flux ®, was directed
opposite tensions flow ®y.s. Diode 24 passes only one of
the half-wave voltage in the winding 19. Consequently, the
current in the winding | appears only in this half-wave.
Figure 3 shows the flow of the ®yys and the ®,, and the
amount of magnetic flux ®sym acting on the reed switch, and
®,, - magnetic flux at which the reed switch is activated. If
you do not use the coil 19, the reed switch 16 operates in
both half-wave alternating current at ®ps = Do
corresponding to points 25, 26, 27 (Fig. 3a). When a current
lw in the winding 19 on the reed switch 16 acts ®gym = Ppus
+ ®, that allows it to fire only one half-wave of the
alternating current in phase A connection 12.

Sensitivity

For comparison, the currents in the corresponding
phases of the connections should be located close to their
international conductors so as to eliminate the influence of
the currents of neighboring phases. To ensure the safety,
distance should not be less than the permissible value. For
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the closing of the reed switch without replacement within 10
years, it is necessary to their operation occurred at currents
exceeding the maximum load currents [11]. Besides Reed
them selves have limited sensitivity of m.m.f. response. All
this in significantly extent limits the sensitivity of the busbar
protection for reed switches [11], and to improve it requires
the use of reed switches with a large resource of operation
P 21010 and a small m.m.f.
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Application of protection

For application of this protection devices are necessary
that allow to mount (fix) the reed such way, that it makes
possible to change distance from reed to phase current
conductors (busbars) and angle of inclination towards to
them (such constructions are known, for example [15, 16]).
At the same time to avoid the influence of adjacent (nearby)
phases it's necessary to choose parameters of reeds’
arrangement in accordance with the calculation in [14].

Conclusion

The proposed busbar protection does not require
current transformers and has high speed, but its sensitivity
is dependent on the lifetime of the reed switch and m.m.f.
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